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A novel mechanism of nephron loss in a murine model of
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A novel mechanism of nephron loss in a murine model of cres- from the glomerulus to the tubule. Indeed, in a variety
centic glomerulonephritis. of glomerulopathies there is a strong correlation between
Background. Nephron loss is a major determinant of renal the severity of proteinuria and the rate of decline offailure in glomerular diseases. The prevalent concept stresses
renal function [1]. Proteinuria may lead to nephron de-the role of the toxicity of filtered proteins and/or of interstitial
generation either via direct effects of proteins on tubularinflammation in tubular degeneration. However, whether that
concept is compatible with the actual histopathological features cells or indirectly by inducing peritubular inflammation.
of nephron loss has not been investigated specifically. Filtered proteins do affect the function of tubular cells
Methods. We investigated the morphological aspects of tu- [1]. However, the general response of proximal tubulesbular degeneration in crescentic glomerulonephritis in mice.
to proteinuria in vivo is not necrosis or degeneration, butGlomerulonephritis was induced by intravenous injection of
growth due to hyperplasia [2, 3]. Accordingly, proximalanti-glomerular basement membrane antiserum in presensi-
tized mice. Kidneys were fixed by perfusion and examined by tubular cells in vitro proliferate in response to albumin
light- and electron microscopy and by immunohistochemistry. [4]. It has been proposed that nephron loss in proteinuric
Results. Tubular degeneration started with cellular hypotrophy
diseases might be promoted by inflammation in the peri-in the proximal tubule. Hypotrophy appeared to follow obstruc-
tubular interstitium [1, 5]. In models of protein overloadtion of the initial proximal tubule by a cellular crescent. Whereas
induction of intercellular adhesion molecule-1 (ICAM-1) was proteinuria in which there is no underlying glomerular
diffuse in glomerulonephritic mice, expression of CD44 and inflammation, diffuse peritubular interstitial inflamma-
vascular cell adhesion molecule-1 (VCAM-1) appeared to be tion rapidly follows the onset of proteinuria [6, 7]. How-
restricted to degenerating tubules. Interstitial inflammation de-
ever, nephron loss has not been described in those mod-veloped in the vicinity of degenerating tubules. Inflammatory
els. The idea that excessive protein filtration might beinfiltration of tubules themselves was observed only in late
stages of tubular degeneration. the main cause of nephron loss in glomerular diseases
Conclusion. In a similar manner as described earlier for focal has been recently challenged. Indeed, in focal segmental
segmental glomerulosclerosis, in crescentic glomerulonephritis glomerulosclerosis (FSGS) tubular degeneration seemsnephron loss can be initiated by the progression of a glomerular
to represent an extension of an extracapillary glomerularlesion into the proximal tubule. Interstitial inflammation might
lesion to the proximal tubule [8–10].be rather a consequence than the cause of tubular degeneration.
We hypothesized that in analogy with FSGS, structural
lesions in crescentic glomerulonephritis might extend
from the glomerulus to the proximal tubule. Indeed,Nephron loss is an irreversible event that plays a cru-
a cellular crescent represents a proliferative lesion incial role in the development of chronic renal failure.
Bowman’s capsule, which is in continuity with the proxi-Most frequently it occurs in diseases that primarily affect
mal tubule. To test this hypothesis, we carried out athe glomerulus. There is no generally accepted view con-
cerning how glomerular lesions result in tubular degener- morphological analysis of proximal tubular lesions in a
ation. Since proteinuria is a feature of most glomerulopa- model of crescentic glomerulonephritis in the mouse.
thies, it has been speculated that filtered proteins may be
responsible for the extension of the pathological process
METHODS
Experimental protocol
Key words: glomerulonephritis, mouse, proteinuria, nephron loss,
proximal tubule, interstitium tubular degeneration. Kidney tissue was taken from an experiment that has
been the object of a previous publication [11]. In brief,Received for publication June 12, 2002
female 13-week-old C57BL/6 mice were immunized byand in revised form August 26, 2002
Accepted for publication October 1, 2002 subcutaneous injection of rabbit IgG in complete Freund’s
adjuvant. Six days later (day 0) glomerulonephritis was 2003 by the International Society of Nephrology
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induced by intravenous injection of anti-mouse glomeru- Every glomerulo-tubular connection was documented by
lar basement membrane (GBM) serum. Mice were sacri- light microscopy.
ficed on days 6 (3 treated mice) or 10 (4 treated mice
Morphometryand 3 control mice). The experimental protocol was ap-
proved by the Cantonal Veterinary Office of Zurich. Sections from two different tissue blocks per animal
were examined in the electron microscope. Cross sec-
Fixation and tissue processing tions of proximal tubules in the cortical labyrinth were
Mice were anesthetized with 17 mg/kg body weight photographed with a digital camera. Tubular profiles
xylazine hydrochloride and 50 mg/kg body weight keta- were considered to represent cross sections if the ratio
mine hydrochloride, intraperitoneally. Kidneys were fixed of maximal diameter versus least diameter did not ex-
by vascular perfusion via the abdominal aorta. The fixa- ceed 1.3. For each treated or untreated animal the ten
tive consisted of 3% paraformaldehyde (PFA), and 0.05% first encountered structurally intact proximal tubules
picric acid. It was dissolved in a 3:2 mixture of 0.1 mol/L were sampled. Since damaged tubules were less abun-
cacodylate buffer (pH 7.4, adjusted to 300 mOsm with dant than normal tubules, all cross sections showing an
sucrose) and 10% hydroxyethyl starch in saline (HAES; abnormal structure were sampled. Measurements of
Fresenius AG, Bad Homburg, Germany). After five min- length and of area were performed on the digital images
utes of fixation in situ the kidneys were removed and with the NIH Image software (Bethesda, MD, USA).
cut into coronal slices. Some slices were embedded in The basal cell membrane, not the basement membrane,
paraffin. The remaining tissue was immersed for at least was taken as outer boundary of the epithelium. The inner
24 hours in the 3% PFA fixative solution, to which 0.5% boundary was the basis of the microvilli, and thus the
glutardialdehyde was added. Thereafter, the tissue was lumen included the brush border. Due to the difficulty
post-fixed in 1% OsO4 and embedded in epoxy resin. of sampling true cross sections in the cortical labyrinth,
we calculated the epithelial areas of virtual cross sections.Light microscopy and transmission electron microscopy
To that aim, the least outer and inner diameters of the
Light microscopic investigations were carried out on
tubular profile were measured and used as approxima-
sections of 1 m thickness, cut from epoxy resin-embed-
tions of the outer and inner diameters of a true crossded tissue and stained with azur II-methylene blue. For
section. The volume density of nuclei was the ratio oftransmission electron microscopy (TEM), ultrathin sec-
the measured nuclear area versus measured epithelialtions from epoxy resin-embedded tissue were contrasted
area in a tubular profile. For the determination of thewith uranyl acetate and lead citrate.
number of nuclei, each identifiable nucleus was taken,
irrespectively of its size.Immunohistochemistry
Statistical analysis was carried out with the ANOVAParaffin sections of 3 m thickness were rehydrated
software; the groups were compared with the unpairedin alcohol series and finally in phosphate-buffered saline
t test. Differences were considered statistically significant(PBS). Rat anti-mouse monoclonal antibodies were used:
for P  0.05.anti-F4/80 (clone CI:A3-1; Caltag Laboratories, Bur-
lingame, CA, USA), anti-ICAM-1 (clone KAT-1) and
anti-VCAM-1 (cloneM/K2; both from ImmunoKontact, RESULTS
Frankfort, Germany), anti-CD3 (clone 145-2C11) and
Unless otherwise stated, the following data were col-anti-CD44 (clone L178; both from PharMingen, San
lected from kidneys of the mice that had been sacrificedDiego, CA, USA). Detection was carried out with a
ten days after injection of the anti-GBM serum. ThatVectastain ABC kit (Vector Laboratories, Burlingame,
time point was judged favorable because all stages ofCA, USA), using peroxidase as label and diaminobenzi-
tubular degeneration were easily found in the same kid-dine as substrate. The sections were counterstained with
ney, while the majority of tubules still appeared structur-the periodic acid-Schiff (PAS) reagent.
ally intact. Analysis of multiple time points would not
Evaluation of tubuloglomerular connections yield a better representation of the sequence of alter-
ations leading to tubular loss. Indeed in this model, likeSeries of 300 sections of about 1 m thickness from
in most glomerular diseases, there are large differencesthe four glomerulonephritic mice sacrificed on day 10
in the rate of progression of lesions among glomeruli.were analyzed. A low-power micrograph was made every
In proximal tubules of glomerulonephritic mice the20th section for identification of all glomeruli present in
most evident morphological alterations were a narrowedthe series. We evaluated all glomeruli that were entirely
or absent lumen together with a reduced outer diameter.included in the series, and only those. Thus, any glomeru-
In the following text, that pattern of alteration will belar lesion was detectable. Each glomerulus was given an
identification number in order to avoid double sampling. termed degeneration.
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Fig. 2. Glomerulotubular connection in the process of disintegration.
The two sections are about 20 m apart. Protrusion of the crescent into
the tubular neck is visible in the micrograph on the right. Throughout the
section series the connection between the glomerulus and the well
identifiable degenerating tubule in the lower right corner consists of a
hose of folded basement membrane (arrowheads). At some places it
appears empty and at other places it contains a few cells (Bar  20 m).
Table 1. Synopsis of light microscopical analysis of
tubuloglomerular connections on day 10
265 glomeruli examined in section series
168 glomeruli without Corresponding tubules show normal
crescents structure
97 crescentic glomeruli
57 crescents do not Corresponding tubules show normal
extend in tubular structure
Fig. 1. Connection of a crescentic glomerulus with a degenerating tu- neck
bule. The crescent protrudes into the tubular neck. The transition to 40 crescents obstruct Corresponding tubules show features
the tubule is evident by the disappearance of visible intercellular spaces the tubular neck of degeneration
and by the high incidence of lysosomes (appearing as dark dots) in
atrophic tubular cells. The segment of tubule connected to the crescent
was in stage 2 of degeneration. The two tubular profiles in the upper
right corner display narrowed lumina (stage 1 of degeneration). Tubular
profiles on the left border are distal tubules (Bar  50 m). degenerating tubules, whereas none of the 168 non-cres-
centic glomeruli was connected to a degenerating tubule
(Table 1). However, it is not the crescent per se but
obstruction of the tubular neck by a crescent that inducesTubuloglomerular connections
tubular degeneration (Table 1).A total of 268 glomeruli of glomerulonephritic mice
were examined in serial sections. Three of them were Ultrastructural features of tubular degeneration
excluded from further evaluation because they were atu-
Most proximal tubules in glomerulonephritic mice dis-bular (2 glomeruli) or globally hyalinized (1 glomerulus).
played a normal ultrastructure (Fig. 3). Among proximalNinety-seven (37%) of the remaining 265 glomeruli dis-
tubules with an abnormal appearance three patterns ofplayed cellular crescents. In 40 of the crescentic glomer-
alterations were discriminated arbitrarily, as we postu-uli the crescent extended into the tubular neck and thus
lated that they represent successive stages in a degenera-obliterated the urinary outflow of the glomerulus (Fig. 1).
tive process. At stage 1 the lumen was narrowed andIn two of those 40 glomeruli the tubuloglomerular con-
mostly filled with unidentifiable debris and/or amorphousnection consisted of only a narrow hose of folded base-
electron-dense substance (Fig. 4). The apical boundary ofment membrane containing a few cells (Fig. 2), and was
epithelial cells displayed a continuous brush border. Atprobably close to disintegration. In all other instances
stage 2 there was no continuous brush border any longerthe obstructed tubular neck was connected with a histo-
and no visible lumen (Fig. 5). Characteristic features oflogically abnormal proximal tubule. The tubular diame-
proximal tubules like junctional belts, numerous mito-ter was small. The lumen was either narrowed or it was
chondria and dense tubules in the apical cytoplasm wereabsent. If a brush border was still present, it was less
maintained. Microvilli were still present. In some in-extended than in healthy tubules.
stances they were sparsely scattered, in other instancesTubular degeneration was closely associated with the
they were grouped in small bunches. The tubular base-presence of a crescent in the corresponding glomerulus.
Of the 97 crescentic glomeruli 40 were connected with ment membrane appeared folded at some places. At
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Fig. 3. Structurally intact proximal tubule in the cortical labyrinth of
a glomerulonephritic mouse (Bar  10 m).
stages 1 and 2 mononuclear cells were rare (one was
found in a total of 108 cross sections photographed for
morphometry).
In contrast to stages 1 and 2, at stage 3 the epithelial
organization was lost (Fig. 6). The cells did not seem to be
polarized any longer. Characteristic features of tubular
epithelia like intercellular junctions or microvilli were
absent in some profiles, in others they appeared errati-
cally (Fig. 6). The incidence of mitochondria was low,
that of lysosomes generally high. The basement mem-
brane was extensively folded. Intraepithelial mononu-
clear cells were easily found.
Morphometry of proximal tubules
Fig. 4. Stage 1 of proximal tubular degeneration in the cortical laby-
In addition to controls and day 10 glomerulonephritic rinth of a glomerulonephritic mouse. In the closer view (lower panel)
the brush border appears continuous and junctional complexes aremice, the kidneys of three mice that had been sacrificed
visible [arrowheads; bar  10 m (top) and 4 m (bottom)].on day 6 after induction of glomerulonephritis were in-
cluded. Only healthy tubules of the latter mice were
analyzed since tubular degeneration was rarely observed
a further decrease of outer diameter and of cellular areaat that time point. Numerical data are shown in Table
per cross section and a further increase of the volume2. Glomerulonephritis induced growth of the proximal
density of nuclei. In glomerulonephritic animals thetubule, mainly by hyperplasia. That was evident when number of nuclei per cross section was similar in all
structurally normal tubules of glomerulonephritic mice tubules at stages 1 and 2 of tubular degeneration as in
on days 6 and 10 were compared to tubules of control structurally intact tubules. Taken together, the decrease
mice. The outer diameter of the tubule, the cellular area of cell area per cross section, the constant number of
per cross section and the number of nuclei per cross nuclei per cross section and the increase of volume den-
section were increased, whereas the volume density of sity of nuclei indicate that tubular degeneration at stages
nuclei was similar. Compared to the structurally intact 1 and 2 represents essentially cellular hypotrophy.
tubules in glomerulonephritic animals the tubules with
Adhesion moleculesnarrowed lumens (stage 1) displayed a decrease of outer
diameter and of cellular area per cross section but an In control mice there was a faint or undetectable im-
munoreactivity for ICAM-1 in the brush border of theincreased volume density of nuclei. At stage 2 there was
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Fig. 5. Stage 2 of proximal tubular degeneration in the cortical laby-
rinth of a glomerulonephritic mouse. The basement membrane is wrin-
kled. In the closer view (lower panel, location marked by a rectangle
in the upper panel) a few microvilli (white arrows), dense tubules (dark
arrows) and junctional complexes (arrowheads) are visible, but there
is no lumen [bar  10 m (top) and 1 m (bottom)].
Fig. 6. Stage 3 of proximal tubular degeneration in the cortical laby-proximal tubules, whereas peritubular capillaries were rinth of a glomerulonephritic mouse. (A) At this magnification the
distinctly labeled (Fig. 7A). In glomerulonephritis there degenerating proximal tubule is hardly identifiable as an epithelial struc-
ture. However microvilli are visible (arrow). Two areas labeled bywas diffuse up-regulation in proximal tubules in the cor-
rectangles in (A) are magnified in (B) and (C ), showing respectively atex (Fig. 7B). In contrast, in the outer stripe of the outer whirl of microvilli and an adherent junction. (D) This degenerating
medulla structurally intact tubules never showed immu- tubule is identifiable only by the extensively folded the basement mem-
brane (arrowheads). Bar  10 m in A and D, and 1 m in B and C.noreactivity for ICAM-1 whereas degenerating tubules
did (not shown).
Vascular cell adhesion molecule-1 (Figs. 7C and 8A)
and CD44 (Fig. 8B) were detected only in tubules of
glomerulonephritic animals. In contrast to ICAM-1, they
were not expressed in tubules that displayed a normal
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Table 2. Morphometry of cross sections of proximal tubules in the cortical labyrinth
Cell area per Nuclei per Vv nuclei
Outer diameter cross section cross section %
Control (N  30) 32.80.8 91445 2.670.25 8.10.8
Structurally intact tubules
day 6 (N  30) 36.91a 126578a 3.180.21 10.00.8
day 10 (N  40) 39.11.2a 140179a 3.580.25a 8.90.7
Stage 1 of degeneration
day 10 (N  32) 26.21.2a,b 87365b 3.660.29a 12.81.1a,b
Stage 2 of degeneration
day 10 (N  76) 22.40.7a,b 68646a,b 3.670.18a 20.30.8a,b
Measurements were carried out in control mice as well as in glomerulonephritic mice sacrificed on days 6 and 10 after injection of anti-GBM serum. Means are
given with the SEM, N is the number of tubules analyzed. Vv is the volume density of nuclei expressed as percentage of epithelial volume.
a and b Statistically significant difference compared to “control” and to “structurally intact day 10” proximal tubules, respectively
histology (wide lumen, intact brush border) but only in nephritis. Degeneration of the proximal tubule was al-
degenerating tubules. The expression levels of VCAM-1 ways found associated with a glomerular crescent invad-
and CD44 were often heterogeneous among cells in the ing the tubular neck, and it began with narrowing of the
same tubular profile. VCAM-1 and CD44 were co-ex- tubular lumen and cellular hypotrophy. Therefore, we
pressed all along degenerating proximal tubules, includ- propose that the occlusion of the glomerular outflow by
ing the terminal segment in the outer stripe of the outer cells of the crescent causes tubular degeneration. The
medulla (Fig. 8). link between the two events might be a drop of the
Concerning tubular infiltration by inflammatory cells flow rate of tubular fluid and the ensuing decrease of
immunohistochemistry/fluorescence was in agreement workload on tubular cells. Indeed, it is likely that solute
with TEM data. Intratubular mononuclear cells were delivery influences tubular cell growth [12, 13].
very rare at stages 1 and 2 of tubular degeneration. Two Presumably, obliteration of the tubular neck settles
T cells (CD3) and two macrophages (F4/80) could be per se the functional loss of the nephron. The interposi-
documented by examination of hundreds of such tubular tion of several layers of cells between glomerular capil-
profiles in glomerulonephritic mice. At stage 3 of tubular laries and the tubular lumen necessarily chokes filtration
degeneration identification of intratubular mononuclear to a large extent. Progression of cellular crescents in
cells by immunolabeling was impossible because the bor- the tubular neck has not been described before, to our
der between tubule and interstitium became blurred due knowledge, and thus, it might represent a specific feature
to extensive folding of the basement membrane and to of the present experimental model. It might have been
irregular peripheral outlines of the epithelium (described overlooked as well. Indeed, it is the examination of indi-
earlier in this section). vidual glomeruli across series of sections that revealed
that novel type of lesion. Additionally, abnormal struc-Peritubular infiltrates
tures are more readily detected in perfusion-fixed kid-
Light- and electron microscopy revealed the presence neys than in immersion-fixed kidneys.
of infiltrates in the peritubular interstitium. Inflamma- Our conclusion that glomeruli with an intact outflow
tory cells accumulated focally in the vicinity of degener- are always connected to structurally intact proximal tu-
ating tubules (Figs. 9 and 10). Whenever degenerating bules applies, strictly speaking, to the initial proximal
tubules and structurally normal tubules were closely as- tubule. Only that segment could be traced up to the
sociated, the inflammatory infiltrate often surrounded glomerulus in section series. Degeneration of a down-
the latter as well (Fig. 9). By immunolabeling, both T stream segment lying outside of the series would have
cells (CD3; not shown) and macrophages (F4/80; Fig. escaped examination. However, since a nephron is a
10) were identified in the interstitium in glomerulone- highly integrated working unit, it is unlikely that a struc-
phritis. Neutrophil granulocytes, recognizable on ac- turally intact initial segment might belong to an other-
count of their characteristic morphology, were also com-
wise degenerating proximal tubule.
mon (not shown). In the interstitium of untreated mice
An induction of adhesion molecules in tubular cellsT cells and neutrophils were only occasional, whereas
has been observed frequently in tubulointerstitial dis-F4/80 cells were distributed diffusely at low incidence
eases [14, 15]. However, it is not known whether their(not shown).
expression correlates with some specific tubular lesions.
The latter aspect was examined in the present study.
DISCUSSION Expression of ICAM-1 was rather diffusely increased
in proximal tubules in the cortex of glomerulonephriticThe present study was devoted to the morphological
aspects of nephron loss in a murine model of glomerulo- mice. In contrast, the levels of tubular expression of
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Fig. 8. Immunolabeling for VCAM-1 (A) and CD44 (B) in parallel
sections of the outer stripe of the outer medulla in a glomerulonephritic
mouse. Degenerating proximal tubules show immunoreactivity for both
adhesion molecules, whereas histologically intact tubules are negative.
CD44 is expressed in some interstitial cells (Bar  50 m).
Fig. 10. Detection of macrophages by immunolabeling (antibody F4/80)
in the cortical labyrinth of a glomerulonephritic mouse. Macrophages
are diffusely distributed at low incidence but they are found accumulated
in the vicinity of degenerating tubules. There is no evidence of infiltra-
tion of tubules (Bar  50 m).
VCAM-1 appeared to depend on the degree of histologi-
cal damage. High levels of expression of VCAM-1 may
promote the intraepithelial accumulation of T cells and
of macrophages, which was observed at late stages of
tubular degeneration. CD44 is not detectable in the
Fig. 7. Immunolabeling for ICAM-1 (A, B) and VCAM-1 (C). ICAM-1
healthy kidney, but in tubulointerstitial diseases CD44is barely detectable in tubules of a control mouse, which was not injected
with anti-GBM serum (A). B and C show parallel sections of the cortical expression is induced in tubules [15]. A correlation be-
labyrinth of a glomerulonephritic mouse. In the glomerulonephritic tween epithelial damage in an individual tubular profile
mouse all proximal tubules strongly express ICAM-1, whereas immuno-
and the expression of CD44 in that profile has beenreactivity for VCAM-1 is seen in only two tubules with narrowed lumina
(stage 1 of degeneration; Bar  50 m). observed in IgA nephropathy [16]. Similarly, in the pres-
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vanced stages of degeneration. Moreover, healthy tubules
adjacent to degenerating tubules were often embedded
in infiltrates. Infiltration of the tubular epithelium itself
by inflammatory cells was evident only at the last stage
of tubular degeneration and, therefore, it is not likely to
initiate tubular damage.
Whereas in other models of glomerular disease hyper-
filtration of proteins may provoke tubular lesions [1], it
does not appear to play a role in tubular degeneration
in the present study. Alterations of the structure of proxi-
mal tubular cells were evident only when the tubular
neck was obliterated by a crescent. We could not discern
any structural anomaly of epithelial cells elsewhere, that
is, in the vast majority of tubules in glomerulonephritic
mice on day 6 and on day 10. Morphometric data on
those tubules suggested that proteinuria had rather a
growth stimulating effect than a toxic effect. Tubular
growth was evidenced by the increased outer diameters
of tubules, by the increased cellular areas per cross sec-
tion and by the increased number of nuclei per cross
section. Those alterations did not represent a compensa-
tory growth due to a loss of nephrons since it was already
significant on day 6, when degenerating tubules were
rarely encountered. Various hypotheses have been pro-
posed to explain growth of proximal tubules in protein-
uric diseases [1–3].
Fig. 9. Heavily inflamed area in the cortical labyrinth of a glomerulo- Cytological alterations in degenerating tubules in
nephritic mouse. A widened and inflamed interstitium surrounds numer-
FSGS [8–10] differ radically from those observed in cres-ous profiles of degenerating tubules (asterisks) and two profiles of
open proximal tubules. The upper left corner displays a normal narrow centic glomerulonephritis in the present study. In FSGS,
interstitium (Bar  50 m). atrophy of the proximal tubule takes place while the
tubule is still open and it is characterized by loss of
microvilli, thinning of the epithelium and thickening of
ent study CD44 was expressed only in degenerating tu- the basement membrane [9, 10]. In early stages of atro-
bules. The production of the CD44 ligands osteopontin phy a distinct space forms between the epithelial cells of
and hyaluronic acid increases strongly in inflammatory the initial proximal tubule and the basement membrane.
renal diseases [15–19]. Occupation of CD44 by its ligands That lesion probably determines the pattern of atrophy
induces a loosening of intercellular junction and pro- in FSGS [9, 10]. Whereas the reduction of tubular flow
motes migration in epithelial cells in tissue culture is a consequence of tubular degeneration in FSGS [10],
[20–22]. In renal tubular cells in vitro, hyaluronic acid it seems to initiate tubular degeneration in crescentic
stimulates the secretion of proinflammatory chemokines glomerulonephritis. Thus, tubular degeneration likely
and cytokines via CD44 [15]. Thus, VCAM-1 and CD44 takes place by two fundamentally different processes in
may contribute to the induction of events that are charac- those two diseases. In spite of that observation, in both
teristic for the late stage of tubular degeneration in the FSGS and crescentic glomerulonephritis the process of
present study, namely the infiltration of tubules by in- nephron loss seems to start with the extension of an
flammatory cells and the partial disintegration of the extracapillary lesion into the proximal tubule.
tubular epithelium. To conclude, in a murine model of glomerulonephritis
It has been postulated that in inflammatory diseases we observed, to our knowledge for the first time, an
degeneration of tubules may be secondary to interstitial
obstruction of tubular necks by cellular crescents. Theinflammation [1, 5]. Substances released by cells infiltrat-
obstruction might induce cellular hypotrophy in theing the peritubular interstitium certainly affect the func-
proximal tubule and finally lead to tubular degeneration.tion of tubules. It is, however, not likely that they were
responsible for initiation of tubular degeneration in the
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